Objectives: This study aims to determine the prevalence, and associated factors of undiagnosed hypertension [Systolic Diastolic Hypertension (SDH), Isolated Systolic Hypertension (ISH) and Isolated Diastolic Hypertension (IDH)] in the Nepalese adult population. Methods: Nepal Demographic and Health Survey 2016 data from adults (≥ 18 years) was used in this study. The final weighted sample size was 13,393. Blood pressure (BP) was measured 3 times and the average of the second and third measurement was reported. SDH (systolic BP (SBP) ≥ 140 mmHg and diastolic BP (DBP) ≥ 90 mmHg), ISH (SBP ≥ 140 mmHg and DBP < 90 mmHg), and IDH (SBP < 140 mmHg and DBP ≥ 90 mmHg) were measured. Multilevel logistic regression analyses were conducted to find the association between the independent variables and the covariates. Results: The prevalence of SDH, IDH and ISH were 8.1%, 7.5%, and 3.3% respectively. The odds of having SDH and ISH increased with old age. However, the odds of having IDH decreased with increasing age. Females has lower odds of having SDH and IDH compared with male participants. Individuals that had been married, resided in Province 4 (p < 0.05) or 5 (p < 0.01) were statistically significantly associated with having IDH. Being overweight or obese was statistically significantly associated with all 3 HTN subtypes (p < 0.001).
Introduction
Hypertension (HTN) is prevalent worldwide and a major public health problem because of the significant role it plays in the development of cardiovascular and cerebrovascular diseases [1, 2] . It is one of the principal modifiable risk factors in both the development of cardiovascular diseases and the resultant morbidity and mortality [3, 4] . Globally, about 13% of the total deaths each year is attributable to HTN [5] . In addition, HTN accounts for about 4% of the annual disabilityadjusted life-years [6] .
The American College of Cardiology and the American Heart Association (2017) defined HTN primarily in 2 stages. [ [8] [9] [10] [11] . Increased stiffness or reduced elasticity of the arteries causes ISH, whereas IDH is induced by a rise in arteriole resistance [12] . ISH has been reported to be more common among older adults [13] , and associated with an increased risk of developing cardiac failure in the elderly [14] . In the past, IDH did not get as much consideration as the other forms of HTN [11, 15] , but its importance should not be overlooked [16] . IDH also increases the risk of developing cardiovascular diseases, though the magnitude is lower than with other HTN subtypes [10] . Combined systolic/diastolic HTN (SDH) is also associated with cardiovascular and cerebrovascular diseases [17] .
Lowering the mean DBP was reportedly associated with a reduced risk of developing cerebrovascular, and coronary heart diseases by 35-40% and 20-25%, respectively [18, 19] . Additionally, a meta-analysis of 61 longitudinal studies showed that people aged 40-69 years had an absolute proportional difference in BPs that was almost the same as an absolute proportional difference in mortality risk due to cardiovascular diseases, up to a certain level of DBP and SBP [20] . In that study, an absolute proportional difference of 20 mmHg in SBP or 10 mmHg in DBP was reported to be associated with a 2-fold absolute proportional difference in the mortality risk due to myocardial infarction or cerebrovascular attacks, wherein SBP and DBP were at least 115 mmHg and 75 mmHg, respectively [20] .
The World Health Organization (WHO) reported the alarming burden non-communicable diseases (NCDs) pose worldwide and regionally. More than two-thirds of deaths globally, and about three-quarters of deaths in low-and middle-income countries are attributable to NCDs [5] . Like other parts of the world, South Asian countries have undergone overwhelming demographic and epidemiological transitions.
Consequently, there has been a massive shift in cause-specific mortality. The burden of NCDs, such as metabolic disease, cardiovascular disease, and cancers has increased and South Asian people have been more susceptible to these diseases, compared to other ethnic groups [21] [22] [23] . Nepal, is currently facing an epidemiological transition due to the increasing burden of NCDs, including HTN [24] . Data from the nationally representative Nepal Demographic and Health Survey (NDHS) in 2016, estimated that 1 in 5 adults in Nepal (aged ≥ 18 years) were hypertensive [25, 26] [25] .
NDHS 2016 utilized the updated sampling frame of the 2011 Nepal National Population and Housing Census. For data collection, stratified cluster sampling of households was followed. In the rural area, a 2-staged stratified sampling technique was followed. At first, 199 primary sampling units (PSUs) were selected based on the probability proportional to size method. At the second stage, households were systematically selected from each PSU. On the other hand, a 3-staged stratified sampling technique was used in the urban area. At the first stage, PSUs (n = 184) were selected by the probability proportional to size method. Then, enumeration areas were randomly selected from each PSU. At the final stage, households were systematically selected from each enumeration area. A total of 11,490 households (5,520 urban households and 5,970 rural households) were included in the final sample. The detailed methodology has been previously published [25] .
Outcome
Adult Nepalese men and women aged 18 years and above were included in this study. The outcomes of interest of this study were ISH, IDH, and combined systolic/diastolic HTN (SDH). BP was measured using UA-767F/FAC (A&D Medical) BP monitors, and depending on the respondent's arm circumference, small, medium, or large size cuffs were used.
For each individual, BP was measured 3 times. After discarding the first measurement, the average of the second and third measurement was reported as the BP of the respondent [25] .
In this study, HTN was defined as having an average SBP ≥ 140 mmHg and an average DBP ≥ 90 mmHg. If the individual was taking any antihypertensive medication at the time of the survey irrespective of BP level, he/she was classified as hypertensive [27] . SDH was defined as an average SBP ≥ 140 mmHg and an average DBP ≥ 90 mm Hg [8] . ISH was defined as an average SBP ≥ 140 mmHg and an average DBP < 90 mmHg, and IDH was defined as an average SBP < 140 mmHg and an average DBP ≥ 90 mm Hg [8] .
Explanatory variables
Based on literature review, potential explanatory variables that were considered included age (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) 
Statistical analysis
Descriptive analyses of the selected variables (both of the outcome variable and the covariates) were conducted. As all the variables were categorical, they were described using frequencies and percentages. Pearson's Chi-square test was used to observe any differences among the covariates across the BP status of the respondents. The sample weight of the NDHS 2016 was adjusted during the analyses.
Multilevel logistic regression analyses were conducted to find the association between the independent variables (SDH, ISH, and IDH) and the covariates. Multilevel logistic regression was conducted considering the complex hierarchical structure of the DHS dataset [31] [32] [33] . At first, bivariate analysis was performed to determine the crude odds ratio (COR) with a 95% confidence interval (CI) with each of the covariates. Those variables, which yielded a pre-determined p < 0.2 in the bivariate analyses (which was sufficient to adjust for the additional residual confounding effect), were put into the final multivariate logistic regression model to yield the adjusted odds ratio (AOR) [34] .
In the final logistic regression model, those covariates which yielded a p < 0.05 were considered statistically significant. Any possible existence of multicolinearity among the covariates was checked using the variance inflation factor. A variance inflation factor value greater than 5 was considered as an indication of multicolinearity [35] . However, no statistically significant multicolinearity was observed. Stata 14.0 was used for data analyses. The guidelines outlined in the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement were followed in conducting this study and writing the manuscript (Appendix A) [36] . 
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Results
Characteristics of the respondents
A weighted sample of 13,393 Nepalese males and females aged ≥ 18 years of age, were included in the final analyses.
Nearly two-thirds (61.2%) of the respondents were from urban areas. About two-fifths (41.6%) of the study participants did not have any formal education. The respondents were almost equally distributed across the 5 wealth quintiles. Almost half of the people (49.6%) were from the Terai region, 44% belonged to the hilly areas, and the rest (6.4%) were from the mountains.
More than a third (36%) of the participants were overweight or obese ( Table 1 ). 
Age-and gender-specific prevalence of ISH, IDH and SDH
The age-and gender-specific prevalence of ISH, IDH, and SDH are presented in 3.0%-3.7%), respectively. The prevalence was higher among males in all 3 sub-categories. In the case of undiagnosed and untreated SDH and ISH, the prevalence in both genders were higher among the older age-groups. However, in the case of undiagnosed and untreated IDH, the highest prevalence was observed in males and females aged 30-49 years.
Factors associated with undiagnosed and untreated HTN
The factors associated with undiagnosed and untreated HTN subtypes are described in Overweight/ obese 2.2*** (1.9-2.6) 2.2*** (1.9-2.6) 1.5** (1.2-1.8) 1.6*** (1.2-2.1) 2.5*** (2.2-2.9) 2.2*** (1.9-2.6) 1 p < 0.2, * p < 0.05, ** p < 0.01, *** p < 0.001. Variable with p < 0.2 from unadjusted model were included into multivariate analysis STROBE 2007 (v4) Statement-Checklist of items that should be included in reports of cross-sectional studies. ANC = antenatal care; AOR = adjusted odds ratio; CI = confidence interval; COR = crude odds ratio; ACC/AHA = American College of Cardiology/American Heart Association; SDH = systolic diastolic hypertension; ISH = isolated systolic hypertension; IDH = isolated diastolic hypertension. compared to an individual of normal body weight. In contrast, being underweight reduced the odds of having undiagnosed and untreated SDH (AOR 0.6; 95% CI: 0.5-0.8, p < 0.001) and IDH (AOR 0.6; 95% CI: 0.5-0.8, p < 0.001) statistically significantly compared to an individual with a normal body weight.
Discussion
To the best of our knowledge, this was the first study from
Nepal to identify the prevalence, and factors associated with undiagnosed and untreated ISH, IDH, and SDH among the adult population in Nepal. Around one-fifth of the adult Nepalese population was suffering from undiagnosed and untreated HTN. The prevalence of IDH and SDH were high followed by ISH. In both males and females, the prevalence of SDH and ISH increased with age. On the other hand, IDH was more prevalent in the 30-49 years age group. Age, gender, marital status, household wealth status, province of residence, and BMI was associated with HTN subtypes.
The findings of this study were consistent with the studies conducted on HTN subtypes in other developing nations [8, 11, 37, 38] . The prevalence of ISH was similar to the reported prevalence from neighboring Northern India (male: 5.1%; female: 3.6%) and Bangladesh (male: 3.0%; female: 4.7%) [8, 38] .
On the other hand, it was lower than the reported prevalence of ISH in China (7.6%) [37] . The reported IDH prevalence (7.5%) in this current study was higher than the reported prevalence from Bangladesh (5.2%) and India (4.5%) [8, 11] . The SDH prevalence (8.1%) was also higher than the reported prevalence from Bangladesh (5.2%) [8] . Differences in measurement methods may impair direct comparison between studies. The higher prevalence estimates in China may be attributed to the increased westernization compared with its neighboring counterparts [37] . When comparing between studies it should be noted whether a study is regional or national.
There is a paucity of nationwide data in terms of prevalence of undiagnosed IDH in India. Kanpur, being an industrial city has better health-care and diagnostic systems, hence a lower estimate of the prevalence of undiagnosed IDH is observed [11] .
The Bangladeshi study included an adult population aged ≥ 35
years, whereas the current study included individuals aged ≥ 18 years [8] . This could explain the higher prevalence of IDH in Nepal than that of Bangladesh and India.
The prevalence of ISH and IDH increased and decreased respectively, with increasing age in this current study.
Increasing age was observed to be associated with undiagnosed and untreated ISH and SDH. Age is a non-modifiable risk factor of HTN subtypes [39] . With increasing age, and arterial stiffness increases, resulting in a higher prevalence of elevated BP [40] .
Previous evidence showed that between the age of 30-84 years, the prevalence of SBP increases [41] . The prevalence of IDH was the highest among the 30-49 years age group. The odds of IDH decreased with increasing age. This is because diastolic DBP increases up to the age of 50 years due to increased peripheral vascular resistance in small blood vessels, and then gradually decreases [40, 41] .
Being male was positively associated with SDH and IDH.
Aryal et al [42] reported a higher prevalence of smoking, physical inactivity, high blood sugar, and total blood cholesterol among Nepalese males, compared to their female counterparts [42] . Smoking, physical inactivity, high blood sugar, and total blood cholesterol were major risk factors, which increase arterial stiffness and contributed to HTN [43] [44] [45] [46] . The findings in this current study do not align with a similar study performed in neighboring Bangladesh, where being female was reported to be a major associated factor for HTN subtypes [8] .
Like the previous studies on HTN performed in Nepal, this current study did not show any consistent relationship patterns between wealth index and HTN subtypes [47, 48] . In this study, only the richest wealth index showed a positive association with SDH. People of the richest households tended to have a higher calorific intake, which was compounded with the increased likelihood of leading a sedentary lifestyle, and developing SDH [49] .
Residence in Province 4 (later officially renamed Gandaki Pradesh) was positively associated with ISH and IDH. In addition, residence in Province 5 also showed a positive association with IDH. This provincial difference in the associated factors of HTN has been observed in Nepal [26, 50] .
Regional variations due to differences in socioeconomic conditions and dietary habits have been previously observed in other countries. For Nepal in particular, such disparities led to substantial regional differences in health status [51, 52] .
Although the higher odds of undiagnosed and untreated IDH in Province 4 and 5 could be attributed to such regional differences of societal and population characteristics, this was beyond the scope of analysis in this current study. Further studies are needed to understand why the prevalence of ISH and IDH was higher in these provinces.
This current study observed that being overweight or obese was positively associated with all of the HTN subtypes, an association previously reported [8, 53] . The BP of obese individuals increases due to sympathetic activation, structural changes in the kidney, impairment of pressure natriuresis, and impairment of the renin-angiotensin system, which are further coupled with a high level of circulating insulin, corticosteroid, leptin, and neuropeptides [54] . HTN prevention, and control programs in Nepal should focus on overweight and obese individuals for targeted high-risk approaches.
This study has several notable strengths. 
Conclusion
This study observed a high prevalence of undiagnosed and untreated HTN subtypes in the adult Nepalese population.
Given the public health importance of these conditions, necessary steps (including awareness against the known risk factors, promotion of physical activity and healthy diet) should be taken by public health promotion programs in Nepal.
People who are older, male, overweight or obese, who have a higher socioeconomic condition and are residents of Province 4 (Gandaki Pradesh) or Province 5, had a higher likelihood of suffering HTN and should be enrolled in HTN prevention and control programs.
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